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X X I .  Hints towards a Classificalioa of Colours. 
Bj  Professor J. D. FORBES*. 

T O classify and describe colours is not so easy a matter as 
it might at first sight appear to be ; and yet it is o[' very 

considerable interest, as well scientifc as artistical. It is im- 
possible that this shall be completely done until we nnder~taml 
far better thm~ at present the cause of the colonrs of bodies, 
natural or artificial. Had  Newton's explanation of these 
colours been as satisfactory as it was for the phzenomena of 
the solar spectrum, the classification of colours would be more 
simple and obvious than it is. My present object is to treat 
the subject not at all as a matter of art, neither as to the effect 
which colours produce in painting as an imitative art, nor as 
to the chemical art of producing and combining pigments ; but 
simply as a matter of description and nomenclature, so that 
tim objective effects of varied tints and hnes may be referred 
to some standard classification or" colonrs and their modifica- 
tions. I shall then state what in'ogress I have made in tbrm- 
ing such a standard suite of colours. 

I am unable, and have not the intention, to give a complete 
history of the principles and methods adopted at different 
times tbr classif~,ing and compounding colom's for the use of 
the painter, and in imitation of natural hues which probably 
exhaust all which art can succeed in producing. For  what I 
shall now state I am in part indebted to the ingenious essay 
of the profound Lambert,  called Beschreibung eiuer Ausge- 
mahlten .Farbenp.qramide'~. 

Pliny, in describing the pigments used by the most fanmus 
painters in their pictures, mentions four, which, according to 

* Communicated by the Author having been read before the Royal 
Society of Edinburgh, December 4, 1848, and January 15, 1849. 
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Lambert, were white, ochre-yellow*, red and black; and he 
supposes that a bluish tint may have been obtained by diluting 
the black with white. Leonardo da Vinci, himself a painter 
of the first order, appears to have had clear ideas on the sub- 
ject of tile formation of compound co]ours fi'om their simplest 
elements ; and although he reckons six, namely white, yellow, 
green, blue, red and black, yet it is scarcely to be supposed 
that he was not aware that green could be compounded of 
yellow and blue, and therefore we may probably admit that 
he regarded blue, red and yellow as the primary colours, to 
be mixed with white o1" black according to the degree of sha- 
dow in which they are to be represented. 

Waller, in the Philosophical Transactions for 1686, attempts 
a classification of colours and pigments, proceeding upon the 
basis (which appears to be there assumed as generally ad- 
mitted) that red, yellow and blue are the sole primary colours. 
This paper was originally accompanied by a diagram of hues, 
which is, however, wanting in the copies which [ have ex- 
amined. 

Newton's discovery of the composition of white light was~ 
of course, an important step in the theory of the composition 
of colours generally ; although that apparent paradox did not 
thil to introduce some difficuJties into the explanation of the 
action of pigments, which have not unnaturally affected the 
views of persons accustomed to regard the subject solely as one 
of art, and at the same time to complicate it somewhat by the 
introduction of seven colours in the complete spectrum, red, 
orange, yellow, green, blue, indigo and violet. Perhaps it is 
not too presumptuous to say, that but for some peculiar re- 
spect for the number seven, and more particularly fi'om a 
fancied analogy between the spaces occupied by the colours 
and the musical intervals~ Newton would not have classed blue 
and indigo as distinct colours; in which case we may consider 
that the Newtonian spectrum consists of the three primary 
co]ours, red, yellow and blue, and the three secondary, orange, 
green and purple. Newton was perfectly aware that by com- 
bining the primary colours, such as yellow and blue together, 
a green, not distinguishable fi'om that of the spectrum except 
b 9 its refrangibititgt, will be formed ; anti he also observed 
the effect of combining three or more coloured rays, which 
generally tend to a more or less perfect whiteness, though it 
does not appear that Newton ever actually formed white light 
by the partial combination of certain rays of the spectrum. 

* Silaceus, the word translated ochre-yellow, is of very doubtful signifi- 
cation. 

~- Optics, Book I. part ~, prop. iv. 
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For he states (Prop. VI. p. 136, edit. 1750) expressly, " I  
could never yet by mixing only two primary colours produce 
a perfect white. Whether  it may be compounded of a mixture 
of three taken at equal distances in the circumference Eof the 
figure of a circular spectrum whieh he is describing] I do not 
know ; but of ibur or five I do not ,nueh question but it may. 
But  these are curiosities o f  little or no moment to the understand- 
ing o f  the phcenomena o f  nature. For in all whites produced 
by nature there uses to be a mixture of all sorts of rays and 
by consequence a composition of all eolours*." 

Every optician knows Newton's empirical rule for the esti- 
mation of the eolour produced by the mixture of any number 
of the elementary colours of the spectrum and in any propor- 
tions. But it is necessary here to repeat it, because it would 
appear to simplify the scale of colours much indeed, were 
eolours only such as the composition of the coloured rays of 
light present. Imagine a circle drawn whose centre is pure 
white, and its circumference presents in order all the eolours 
of the spectrum in succession, and occupying ares proportioned 
to their lengti~s in the true spectrum, the two ends of the spec- 
trum or the extreme violet and red coalescing at one place% 
Let these eolours pass gradually, by the mixture of white light, 
fi'om their intensest development at the circumference to per- 
fect whiteness at the centre of the circle. Suppose it were 
required to find the effect of mixing two parts of green, one 
of red and one of violet. At the circumference of the circle and 
at the centre of the green space, describe a small circle whose 
area is 2; at the middle points of the red and violet describe 
circles whose areas are I ; find the centre of gravity of the 
three circles : it will be fouml on the diagram over the tint 
which the mixture of rays, if actually formed, will present. 

Since the quantity of eolour in any mixture is to be regarded 
in this arbitrary construction as applied at the centre of the 
arc appropriated to each colour, and since no two such points 
are directly opposed to one another in the circle, it tbllows by 
construction (as M. Blot has remarked:[:) that a perfect white 

** Optics, Book I. part  o, prop. iv. 
The limits o f  the several eolours will occur, according to the New- 

tonian proportions,  at the following angles in a continued graduation : -  

Red begins at . . . . . . . . . . . . . . .  1~'6 
Orange . . . . . . . . . . . . . . . . . . . . . . . .  60.46 
Yellow . . . . . . . . . . . . . . . . . . . . . . .  94"57 
Green . . . . . . . . . . . . . . . . . . . . . . . .  149"38 
Blue . . . . . . . . . . . . . . . . . . . . . . . . . . .  210"2~3 
Indigo . . . . . . . . . . . . . . . . . . . . . . . .  265"4 
Violet . . . . . . . . . . . . . . . . . . . . . . . . . . .  299"15 

Trait~ de Physique, vol. iii. p. 449. 
M 2  
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cannot be compounded out of only two colours in the spec- 
trum. This corresponds with Newton's experience, that such 
a eolour (the mixture of two opposites.) " shall not be perfectly 
white, but some faint anonymous eotour*." But these expe- 
riments merit well a careful repetition, whieh I am not indeed 
aware that they have ever received; and ?t is very probable 
that Newton never made them with a pure, or even an ap- 
proximately pure spectrum% 

But Newton's celebrated experiment of mixing together 
eoloured powders until he obtained a perfectly indefinite gray 
is most to our present purpose. He  describes in the fifteenth 
experiment of the second part of his first book of Optics, the 
various dry pigments which he employed, the most effective 
of which ~'as a mixture of orange, purple, green and blue, 
which "became of such a gray or pale white as verged to no 
one of the colours more than to another"  (p. ISl) ,  which 
when powerfully illuminated by the sun was an exact match 
for a pure white paper less pert~ctlyilluminated. The  reason 
why it does not appear absolutely white under ordinary cir- 
cumstances Newton thus explains : - - "  All eoloured powders 
do suppress or stop in them a very considerable part of the 
light by which they are illuminated. For  they become eo. 
loured by reflecting the light of their own eolours more co- 
piously and that of" all other colours more sparingly, and yet 
they do not reflect the light of their own colours so copiously 
as white bodies do." [-This he illustrates by illuminating red 
lead and white paper with the red ray; the white paper up- 
])ears the more brilliantly red of the two.] " Therefore by 
mixing such powders [powders, namely, of various eolours,] 
we are not to expect a strong and full white, such as is that 
of  paper, but some dusky obscure one such as might arise 
fi'om a mixture of light anti darkness, or from white and black, 
that is, a gray, or dun, or russet-brown, such as are the eo- 
lours of a man's nail, of a mouse, of ashes, of  ordinary stones, 
of mortar, of dust and dirt in the highways and the l ike ."- -  
P. lSO. 

Whatever  may be thought of Newton's theory of the colours 

*Opties, ed. tit. p. 136. 
t" IfNewton's circular figure was intended (which, however, M. Blot 

questions) to be divided according to the accurate proportions of the eolours 
in the spectrum, it would be a matter of great difficult), to assign the dt~e 
proportions to the extreme red and violet; any variatiml in this respect 
would alter the character of the diametrically opposed tints, and make a 
perfectly white compound of two tints possible, or the reverse, it is hardly 
necessary to add here, that the perfect white produced by the comple- 
mentary tints which occur in experiments of depolarization, arises from the 
mixture of colours of a very complex constitution. 
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oJ'natural bodies (which refers them to the colonrs of thin 
plates), tile reasoning of tile above paragraph will hardly be 
questioned. There will therelbre be al~'ays this essential 
difference between compoundiug rays of tile spectrum and 
compounding pigments ; that in the tbrmer case, by throwing 
light of two or more colom's upon a white screen, each of 
these colours being reflected with equal vividness, the bright- 
hess ofthe screen will be the sup, t of  the brightuesses due to 
the several rays (and if a sufficient number of rays he com- 
bined, the result will be a dazzling white) ; but, on the other 
hand, by combining pigments we do not add together lights, 
but merely construct a groimd or screen capable of scattering 
a greater number of the constituents of a beam of white light 
which falls upon it. Thus there will be an inevitable quantity 
of darkness or absorbent faculty in the constitution of every 
artificial eolour, whatever be its predominant reflecting hue ; 
and the mixture of pigments will not tend to increase the 
brightness, as the mixture of lights would do, but only to mix 
with the fundamental darkness of the surface a portion of light 
which shall be of a mixed instead of a simple hue. 

Let  us suppose for a moment a simple case. Let  us admit 
that a paper thickly coated with ultramarine can reflect none 
but blue rays, and that a paper coated with chrome-yellow 
reflects only yellow rays. But further than this, a share of 
the blue and of the yellow light falling on each is absorbed ; 
suppose one-half to be thus lost. I r a  compound pigment of 
blue and yellow be formed and exposed to the same white ray 
as before, we cannot expect that it should have more brilliancy 
than either one or other of the primitive colours, whilst it is 
evident that the union of rays of yellow and blue light upon a 
white screen would have a twofold splendour*. For we must 
admit the reflecting particles in each of the separate pigments 
to be so densely spread that a ray of light can fall nowhere, 
on the ultramarine for instance, but it finds a particle of 
colour ready to decompose and reflect it, and the same of the 
pure yellow pigment; in a mixture, therefore, of the two, the 
surface may be regarded as equally divided amongst an infi- 
nite number of the blue and the yellow reflecting points, so 
that the reflected light is half yellow, half blue, but altogether 
is no more than the amount which either pigment covering 
tile whole surface would have reflected. We must not there- 
fore suppose that by mixing pigments we render the surface 
on the whole more reflective, that is to say, more luminous, 
than before. Experience confirms this anticipation. Onthe 

~' W:hat is meant here by speaking of ravs of different eolonrs having 
"equal" or "two-fold " brillia~ney will be explained by and by. 
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whole, then, in this experiment, half the light is still absorbed 
and half of the remainder is yellow, the rest blue, constituting 
a green eolour. 

Similar reasoning will hold true of any number of separate 
eolours combined into one ; and as perhaps no pigment reflects 
only one pure eolour of the speetrum, tile mixtures will always 
be more compound than they are assumed to be, and give 
hues of always increasing impurity: 

The process of mixture cannot m any ease be expected to 
improve the power of reflecting the pure eolours residing in 
tlle constituent pigments. It is much more likely to deterio- 
rate it, which will tend to give a tone of always less absolute 
brightness to more complex colours. 

The process of mixing pigments may often affect their rela- 
tive strength, especially if moisture be used. There may be 
a mutual action, which will cause an undue preponderance of 
one or other constituent. These difficulties have constantly 
been felt by those who have endeavoured to compound eolours 
fi'om their elements. 

We have assumed above that tile reflective power of pig- 
ments of different colours is the same. But this does not 
appear to be the case. The ingenious experiments of Lam- 
bert*, which though probai)ly but rough approximations are 
yet valuable as such, inform us that the whitest surface re- 
flects ~uths of the white incident rays, and king s yellow almost 
as much of rays of its own eolour: but the brightest red 
(cinnabar) reflects but ½rd of its own coloured light, and a 
blue surfiiee (mountain Berlin blue) but ~th of the blue rays. 

On these principles we may expect that if the circumference 
of a wheel be painted with stripes of red, yellow and blue, alter- 
hating with one another, so that the extent occupied by these 
colours shall be ill certain determinate proportions, the mix- 
ture shall appear white, or rather neulralgrqy, the wheel being 
put in rapid rotation. We  can estimate the illumination of the 
surface compared to that of white paper in the tbllowing 
manner. 

The proportional extent of the surfaces may be found by 
direct experiment, or otherwise thus. By Newton's rule of 
compounding eolours (see p. 163), we may ~educe that a white 
compounded of red, yellow and blue, must consist of 38"6, 
19"6, and 41'8 rays out of 100 of these colours respectively; 
for the centres ot~ravity of the red, yellow and blue sectors 
make angles of 91 541"5 between the red and yellow, ] 15 ° 26 r 
between the yellow and blue, and 152 ° 59r'5 between the blue 
and red. In order that the centre of gravity ofthe whole shall 

Photometria, § 747; and Farbenpyramide, § 5. 
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coincide with the centre of the circle, the primary colours 
must be in proportion to the sines of those angles, which are 
• 9785, "9031 and "4593; the first being blue, the second red, 
and the third yellow, which give the proportions above stated. 
And there can be little doubt that this rule is sufficiently cor- 
rect, though we restrict the colours of the spectrum to three 
only; for tile centre of gravity of the blue (for example) may 
be regarded as the centre of gravity likewise of the blue con- 
tained in the green, and that in the indigo anti violet; and so 
of the other colours. 

Let  then the proportions 0"386---R, 0"196=Y, 0"418=B 
represent the constituents of white light in the spectrum, their 
sum being = 1. Butby what has been said of Lambert's expe- 
riments, it appears that red, yellow, and blue pigments reflect 
but ~.rd, ~ t h s ,  and -~th of the rays of those respective colours 
which fell upon them. Therefore to have rej%cted light ofthe 
same composition with the white of our tricoloured spectrum, 
we must have the surfaces of the colours larger in proportion 
as their reflecting power is less. Hence the spaces in out" 
eoloured wheel must be 

Red . 3R or 1 '157=r .  

• ~ Y  or 0 '490=y .  Yellow 

Blue 7B or 2 '927=5.  

The sum of these 4"574 = n .  

Consequently, of all the red rays which fall upon our tri- 
1 r 

coloured surface only the fi'action ~ . n  are reflected (for of 

those which fall on the yellow and blue spaces, none are re- 
flected, and but one-third of those falling on the red), that is, 

R 
- -  or '0843 

Y 
Of the whole yellow rays are reflected -- or "0429 

B 
Of the whole blue rays are reflected -- or "0914 

n 

In short, the reflected light is white light, whose intensity is 
attenuated by reflexion n or 4"57 times ; whereas had it been 
incident on white paper, it would have still had ~ t h s  of its first 
brightness, or been attenuated only '2"50 times. This abun- 
dantly explains why the result is a gray colour, not a bright 
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white *. Tile proportions of the surfaces of bright colours 
whose inixture produces white (7", y, b in the preceding nota- 
tion) is 5, 3 and 8, as given by F!ehl t .  

i t  is to Mayer, the mathematicmn, that we owe a complete 
and pertbct diagram of" mixed colours, starting fi'om red, yel- 
low and blue, as constituents. Let  the extreme corners of a 
triangle be painted of these colours, and let the periphery of  
the triangle be composed of graduating colours between each 

* - r - -  " pmr o f  these respectivel~ ; then the centres of the sides of the 
triangle will be occupied by perfect orange, perfect green and 
perfect purple, each of which will pass in each direction towards 
the predominating primary c¢,lour. The I~eriphery of Mayer's 
triangle includes, theretbre, all the colours of the spectrum, or 
primary colours mixed two and two. But combinations of 
three colours may be represented by selecting points in the 
interior of the trifingle which shall be the centre of gravity of 
tile constituent colours. Thus if the three colours, red, yel- 
low and blue, be mixed in equal proportions, the resulting 
colour, which will be neutral gray, will be found at the centre 
of gravity 6t 0 the Fig. 1. 
triangleat W .  But 
this would also re- 
sult from the mix- 
ture ofone portion 
of red and one of 
blue united at P to 
form two o fpm'ple, 
which then being 
compounded with 
one of yellow, Y, 
will give the centre 
of gravity at one- 
third of the di- 
stance fi'om P to- 
wards Y. The  

Y 

O G 

IL P 

Goethe, in his Theory of Colours, seems to think that he has over- 
tin'ned Newton's experimental demonstrations by calling the opinion that 
"all the eolours mixed together produce white, . . . .  an absurdity which 
people have credulously been accustomed to repeat for a century in oppo- 
sition to the evidence of their senses." (Eastlake's translation, p. ~'~5.) ]'he 
truth is, that "gray " is not an affection of Light at all, but of Surface 
merely. All Light combining the coloured elements in due proportion is 
essentially white, though more or less intense ; but no Surface can be said 
to be perfectly white rather thffn gray, except by comparison with another. 
A surface of white paper illuminated by common daylight is gray relatively 
to a similar one placed in full sunshine. 

t Field's Chromatography, p. ~47, 
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same result will evidently flow from mixing two parts of orange 
w~th one of blue, or two of green with one Of red. 

It also clearly follows from this construction, that a point in 
the triangle may always be found which shall represent any 
possible proportional mixture of the three colours, because the 
centre of'gravity of the three elements, however unequal, mast 
of necessity be tbund within the triangle. 

Also, a complex colour of three elements may be regarded 
as composed of primary colours and their binary compounds 
in an infinite variety of ways. Thus, the colour called citrine 
by some authors, anti which is described as a compound of 
equal parts of orange and green, has its place in the triangle 
at Ci, which shows that it is intermediate between pure yellow 
and neutral gray in the proportion of 1 of the first to 3 of the 
second; or it is a mixture of pure yellow and pure purple in 
equal proportions. 

The annexed diagram shows the principle of Mayer's mix- 
ture of colours, the subscribed figures denoting the relative 
portions of each colour in any compound, the sum of the units 
making up 8 in every case. The same principle of numerical 
ratios may be extended to any degree ofnieety; but it is soon 
found that the power of the eye in distinguishing hues is over- 
passed. 

Fig. 2. 

I w l  
lyTrl lyTb~ I 

l y6r2 lyd'lb, I yab~ [ 
l Yz r3 ly~r2b, lYartb~!Y5 bs [ 

I P4 "4 lY4"sbaly4rebely4r,bal Ya hal 
I.Y3 r5 I.y3r4b~ [:Y3"~b~ly.ar~b3lyar~b4l y3 b5 I 

l Y~ r6 lY~"sbl lY~"ab~[y~r3bs[y~%ba!y~r~bst Y~ be[ 
I,Yh "7 lW"6 ~, I~,rsbel.~,rabalylrsb41Y~"~bSIVl"~b61 Y, bTI 

I h I rr bl I r6 be I "6 b~l "4 ba ! ra b6 I re b61 rl b7 I bs J 

The unit o f  mass for any primary eolour or pigment is the 
proportion which, mixed with the other two primaries, forms 
a perfectly neutral gray. This must be found by experiment, 
and resembles the atomic weight or equivalent of the simple 
bodies of chemistry. Lambert found it by uniting carmine 
and gamboge until, a perfect, orange was formed, which (judging 
by the eye) inchned netther to red nor yellow ; so with yellow 
and blue tbrming green, and with blue and red forming purple. 
The quantities being weighed in each case, two such expe- 
riments were sufficient to determine the relative powers of the 
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colours, but the third was used to confirm them. He  thus 
found the combining proportions by weight of carmine, gam- 
boge and Berlin blue, to be 1, 10 and 3% 

We are now to consider how far this triangle carries us 
towards a complete scale of eolours. It is manifest that the 
intensit 9 of the eolours depends upon tile reflective power of 
the pigments used, and that this essentially varies for tile dif- 
ferent primary colours. In no sense, then, can we be said to 
have red, yellow and blue, of equal brightness at the corners 
of our triangle; for even if we assume as merely convenient 
definition, that by equal brightness of different colours we 
mean the proportions in which, when combined, white light 
results, we have ah'eady seen that the yellow pigment, being 
far most reflective, will be brightest, then the red, and after all 
the blue. But in fact we have no scale at all for comparative 
brightness of heterogeneous co]ours. W e  must take the pig- 
ments purest in quality, and most lucid or reflective as regards 
the quantit 9 of light wifieh they scatter, and consider these 
as the primary colours. The mixed eolours also vary in their 
lucidity, according to the prevalence of a more or less lucid 
component ; the yellow hues will be most lucid, the blue least. 

When the triangle is exposed to a brighter light, the pro- 
portions of the eolours remain unchanged, and the whole will 
be more hwid. 

It is probable, however, that the decomposing action or" all 
pigments upon light is limited; and that a coloured surface 
may be so drowned in white light, that much of the light is 
returned undeccmposed, and the colour is thus diluted. 

I f  less light fall on the triangle, a different kind of dilution 
occurs, only pure coloured light will be reflected, but so little 
of it as to afl~,ct the eye but slightly, or not at all with the 
sense of colour. 

In the latter case all colours pass into indistinguishable 
blackness, in the former case into indistinguishable whiteness. 

I f  we mix black and white pigments with coloured pigments, 
we may have both these variations exhibited ,at once under a 
common external illumination. 

I f  we have a series of triangles thus constructed, they will 
embrace under one common illuminating influence (as ordinary 
daylight) all possible varieties of hue and shade under that 
illumination. Every conceivable natural or artificial object, 
such as a piece of stuff, a feather, or a flower, ought to be 
capable of being matched with one or other of the spaces in 
these triangles. This is all that we propose to accomplish. 
I f  we choose the most lucid known bodies for our primary 

Farbenpyramide, § 63. 
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colours, we shall be sure to have none to match which are 
not included in our suite. 

Tile question now arises of tile number of intermediate 
mixed colours which can be interpolated between ,any two 
primary or simpler eolours, so that each may be distinguish- 
able by the eye upon a close comparison. The number is 
much smaller than might be supposed. Lambert states, that 
fi'om perfect black to perfect white he could only trace thirty 
intermediate shades distinguishable by the eye under the most 

favourable circumstances possible "~. The number of gradations 
of even the most positive eolours is probably eonsiderably less, 
and of the more neutral colours much less again ; at least if 
we do not repeat those semi-neutral compounds which are 
indistinguishable from one another. 

As to the transition from one quality of colour to another 
without regard to its dilution with light or shade, as, for in- 
stance, from red to blue, the sensible intermediate stages are 
also probably much fewer than might be suspected. Mayer 
affirms]" that the distinction of mixed eolours is evident so 
long as the sum of the component parts denoted, as in the dia- 
gram, fig. 2, does not exceed 12. Thus a bright yello% 
such as king's yellow, being denoted by Yl~, yellow ochre is 
Yl0 r~, umber is Y6 r8 bb, ivory black y~ r~ bT, in all which eases 
the sum of the parts is equal to 13. Upon this scale it is easy 
to show that the fundamental triangle, whose side is 13, will 
contain 91 eoloured spaces. These embrace all possible com- 
binations of colour, of the fimdamentally greatest intensity 
which the imperfection of our pigments enable us to procure. 

Allowing 4 gradations of each eolour into blackness and 
4 into whiteness, Mayer reckoned 819 eolours in all; a num- 
ber which will certainly appear small considering the appa- 
rent infinity of hues and shades. It is probably sulfieient, 
however, for matching any eolour by reference to two others, 
one above and the other below it, in any of the scales ; and 
such subdivision may probably be carried by the eye to greater 
accuracy than one intermediate step. The gradation of nine 
steps from perfect black to perfect white through any colour 
is perhaps too small ; but on the other hand, the neutral eo- 
lours, as already observed, some of them at least, lose their 
distinguishable characters compared with one another, when 
diluted either with black or with white, but especially the 
formerS.. Taking advantage of this consideration, Lambert 
modified Mayer's triangles by redueing them continually in 

'~ Lambert, Farbenpgramide , § 10, ll. -[" Ibid. § 29. 
+~ 1 suspect, indeed, that in some instances the dilution of the semi° 

neutrals with white renders them more easily distinguished, but only down 
to a certain point. 
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size and in the number of elements, as the standard eolours 
approached white on the one hand and black on the other; 
forming thus a double pyramid, wilose common base was 
Mayer's triangle, tile eolours vanishing into white at one apex 
anti into black at the other "~. A triangular pyramid or tetra- 
hedron of 13 elements in the side would contain 455 elements, 
and the double pyramid or hexahedron 910 elements. 

Other writers tlave attempted to adopt primary colours dif- 
ferent ti'om red, yellow and blue; and with this subject has 
been mixed up the inquiry into the actual composition of the 
solar spectrum, which though not immediately connected with 
it, may be mentioned in passing. Mayer maintained, not merely 
that all eolom's whatever may be formed by tile combination of 
red, yellow and blue, but that in reality these eolours alone 
exist in the solar light% which he inferred by looking through 
t~ prism at a black spot on a white ground, an essentially 
faulty mode of operating. But later, Dr. Wollaston came to 
the conclusion that the solar spectrum is composed of four 
eolours only, namely red, green, blue and violet, without any 
gradations in the quality of the eolour. Dr. Young, finding ex- 
perimentally that " t h e  perfect sensations of yellow and of blue 
are produced respectively by mixtures of red and green~ and 
(~f green and violet light:[:," assumes that the primary cotours 
are red, green and violet; a singular opinion, which appears 
to rest on no particular evidence further than the disjunction 
of  the red and violet rays at the two ends of the spectrum, and 
which has met with no support any more than that of Abbd 
Nollet~ who maintained the primary qualities of orange, green 
and purple. In truth no synthetical experiment can give any 
sure countenance to one or other of these views; for the fact 
that red and green combined in certain proportions produce 
yellow, admits of equally sound interpretation by supposing 
that the green, being a compound of yellow and blue, the 
whole of the blue and a part of the yellow combine with the 
red to produce a perfect white, which then dilutes the out- 
standing portion of the yellow; and in like manner a perfect 
purple mixed with perfbet green must make a perfect blue 
diluted with a perfect white. Analysis, however, Where pos- 
sible, must lead to more conclusive results; and Sir David 
Brewster considers that the orange, green, and purple of the 
spectrum are really composed of two, if not three eolours 

In the coloured plate accompanying Lambert's work we find only the 
pyramid of eolour diluted with white, which he seems to have considered 
sutficient in practice, § 39. In reality, however, the shades or mixtures 
with black are indispensable components of such a system. 

Mayer, Gottingisehen .dnzeigen, quoted by Lambert, p. 30. 
+ Lecture XXXVII. 
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each ~. The analysis he employs is the alxsorbing power of 
media, fo~ these colours are (as is well known) undecomposable 
by refraction. 

Various attempts have been made to carry out Mayer's 
principle of compounding colours fi'om red, yellow at~d blue, 
and some elaborate attempts have heen made to obtain nmdel 
suites of colour. I shall at })resent only refer to Mr. D. R. 
Hay's ingenious work called Nomenclature of Colours, which 
he has illustrated by a very large number of selected hues and 
shades all compounded from Red, Yellow and Blue, variously 
diluted with Black and White, ~hich, fi'om Mr. Hay's skill 
in tile choice and use of eolours, are probably as pure and 
vivid as we can expect to produce in the present state of art. 
I t  is unnecessary here to speak of the taste and skill with which 
the harmony and contrasts of colour are used and illustrated 
in the plates to his work. 

As a mere classification of colours, Mr. Hay's work does 
not adopt the simplest form ; nor is the nomenclature, I con- 
ceive, by any means free fi'om objection. It would be difficult, 
for instance, to refer any required colour to its place in a com- 
plete system of hues and shades by merely looking over Mr. 
Hay's plates. The specimens which have the closest affinity 
are often widely separated; but then the object, a purely 
artistic one, was different from ours. The mixtures used by 
Mr. Hay in his gradations of colour were made, I understand, 
by the eye, and not by weight; but an experienced eye will 
perhaps make a gradation at least as good as a quantitative 
one. Tile dilutions with white (or tints, as Mr. Hay calls 
them,) appear to be less perfect in this respect. 

The primary colours in Mr. Hay's work are red, yellow 
and blue, or those which occupy the angles of Mayer's triangle, 
fig. 1. They are composed of carmine, chrome-yellow, and 
French ultranmrine. 

The secondary colours, or orange, green and purple, with 
their gradations into their component primaries, exhaust all 
the combinations two and two of the primaries, embracing all 
the eolours of the spectrum, and are represented by the ex- 
terior row of colours in Mayer's triangle. 

The combination of colours by three at a time leads to more 
complexity, and the advantage of Mayer's system is here most 
evident. Mr. Hay, following Field, calls tertia~ 3 colours 
those produced by a union of the secondaries : thus--  

Orange and green form Citrine, 
Orange ... purple ... Russet, 
Purple ... green ... Olive. 

Edinburgh Transactions, vol. xii. 
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"Their  distinctions arise from a double occurrence of yel- 

low in the first, of red in the second, and of blue in the third*." 
In like manner, by the combination of the tertiary colours (or 
primary hues, as Mr. Hay calls them), he produced a system 
of quaternaries (or secondary hues), and so on until the small 
predominance of any one or two primary colours in the com- 
pound reduces tile whole to a neutral gray. Now a simple 
inspection of Mayer's triangle, p. 168, shows that tile confusion 
of the colours, by drawing a series of perpetually inscribed 
triangles, increases with great rapidity, and that consequently 
the gradations of shades will not be such as affect the eye most 
sensibly, but will be deficient in the brighter and redundant 
in the grayer colours. 

The law of composition of the secondary and tertiary eolours 
is however worthy of notice, and may be represented in the 
following diagram (employing the notation of page 169). 

Red 
= r  s O r a n g e ~  

Y e l l o w s  =r4Y4 ~.~Citrine ~ 1 
- 9  ~ G r e e n / = . Y 4 b ~  ~ _ _  G 'eenhue  
~ s / =,, .b.  ~ Olive / 93bar~ 
l)l~se ~ pfllJ,ple ~///~ =b4r~9,~"'~ Purple hue 
R,~A / =b4r,  - " ~ R u s s e t  ~ bzrsYe 

=r^"~- ~ O r a n - e  / =r4y~b~ "~'~Orang ehue 

Y e l i o w /  = r4,~J ~ Citrine 
/ Tsff sbf~ 

=Ys =ff4b2r2 

Hence cilrine, for instance, is a mixture of four parts of yellow, 
with two of blue and two of red, which is equivalent to two 
parts of yellow and six of neutral gray (since gray = y  b r) ; 
eitrine is therefore yellow verging into gray, one-fourth of the 
mixture being yellow anti three-fourths gray; its place in 
Mayer's triangle, fig. 1, will therefore be at Ci dividing the line 
Y W  in the ratio of 3 to 1 ; and so it does by construction, 
taking the centre of gravity of the orange and green, O, G. 

Let us take an instance of a still more indefinite colom', a 
colour of the Iburth order, which Mr. Hay calls a secondary 
hue, and to which he gives the distinguishing names of orange 
hue, green hu% and purple hue; we find these to be thus 
composed : 

ragab~, 9abar~, baraY~; 
or thus : 

2 orange + 6 gray, 2 green + 6 gray, 2 purple + 6 gray. 
" Hay, p. 18. 
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W e  therefore refer them at once to their places in Mayer's 
triangle as intermediate between the secondaries and neutrality, 
and dividing the interspace in the ratio of 3 to 1, as in the 
former case; only here the compound is more neutral, because 
the secondary colours are themselves one stage on the way to 
neutrality. 

Thus we arrive at this conclusion, that all combinations of 
three primal~ colours (as far as difference of quality is con- 
cerned) may be represented by transitions from the prima~y and 
seconda~y colours into gray ; amt thence, though it may appear 
at first sight paradoxical, though the qualily of a primary or 
secondary eolour (such as red or green)is not changed by 
diluting it with white, it is changed by mixing it with gray, 
or by first mixing it with white and then diminishing the in- 
tensity of light in the mixture. 

Hence a classification of colours may be made, which, 
although redundant in some parts, has the advantage of point- 
ing out clearly the composition of each in this point, and also 
of suggesting a convenient nomenclature, which I propose to 
adopt in preference to Mr. Hay's (where they dif[~r), as more 
expressive of the composition of each. This diagram, like 
Mayer's triangle, includes colours varying in quality, but of 
standard intensity and of the highest attainable purity. This 
diagram was obligingly arranged tbr me by Mr. Hay out of 
the coloured specimens in his work. 

The places marked by asterisks will supply a sufficient rela- 
tive number of intermediate hues, as these evidently approach 
the absolute uniformity of neutral gray in the last column, 
whilst the first contains the graduated colours of the spectrum. 

All these eolours may be varied by mixing them with white 
or black, [brming what Mr. Hay judiciously calls tints or 
shades of any colour. 

It is sometimes convenient to have these tints and shades 
arranged in immediate apposition for the purpose of compa- 
rison. This may be conveniently done for the principal co- 
]ours by having two diagrams. In one, the colours of the 
spectrum form a circular ring, the colours passing through 
tints into perfect white at the centre, and the shades continued 
in outward radiating lines till they coalesce in a perfectly 
black circumfi~rence. In the other, the principalintermediates 
between the principal eolours and gray may be exhibited with 
like transitions. These intermediates may conveniently be 
denominated by the following terms, sufficiently expressive 
and in common use. 
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ires[.[ Grayish-red. 

Orangish-red. [ -~:- 
: [ 

Re/I-orange. i * 
: i 

Reddish-orange. : ~- 
: I 

Yellowish orauge 

Yeflow-orange. 

Orangish-yeltow. 
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R u s s e t  i n t e r m e d i a t e  b e t w e e a  r e d  a n d  gray. 
B r o w n  . . . . . .  o r a n g e  . . .  
C i t r i ne  . . . . . .  y e l l ow  . . .  
D r a b  . . . . . .  g r e e a  . . .  
( ) l ive  . . . . . .  b lue  . . .  
Slate  . . . . . .  p u r p l e  . . .  

Gray-red. iRed-gray. !Rcddisil-grav. 
[Russet.] 

# 

f[h'ay-or al~ge, i Orange-gray.Orangish.grav. 
[Brown.] 

~, Greenish-ye now, 
i : 
iYeflow-greeu. 
I : 

! Yeliowish-green. 

i ( J l ' C  e i ' L  

Bluish-green. 

Blue-green. 

Greenish-blue. 

Blue.{ 

P urplish-blue. 

Blue-purple. 

Bluish-purlfie. 

~l.ayish-yellow. 

Grayish-green. 
I 

4~ 

Grayish-blue. 

¢¢ 

Grayish-purple. 

Gray-yellow. !Yellow-gray. 
[Citrine.] 

i 1 Gray-green. ~Grcen-gray. 
[Drab.] 

Gray-bhte. iBlue-gray. 
[Olive.{ 

E 

Gray-purple. IPurple-gray. 
[Slate.] 

I -  

i Pu rple. 

Reddish-purple. 

Re~l-purple. 

{ Pul.plish-red. 

i 
':Gray. 
t 

Gray. 

iYellowish-gray. Gray. 

1 
1 
] 

Greenish-gray. !Gray. 

Blui~h-gray. J !Gray. 

Purplish-gray. Gray. 
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Mr. Hay has been kind enough to arrange for me his ex- 
tensive suite of artificial colours according to these diagrams. 

But it must be owned to be highly desirable to possess such 
a suite of colours in more perfect and durable materials than 
any pigment as usually applied presents. Painted porcelain 
and coloured enamels alone appear to possess this valuable pro- 
petty. The immense collection of artificial enamels employed 
ill the Vatican fabric of mosaic pictures seems to offer an unri- 
wdled opportunity of forming such a classification. 

This gigantic establishment was founded about two centu- 
ries ago tbr the express purpose of adorning the interior of St. 
Peter's with the elaborate mosaic pictures and ceilings which 
astonish every visitor. The whole interior of the stupendous 
dome is incrusted widl mosaic patterns and pictures, of coarse 
e.~eeution indeed, but such as suits best the vast distance from 
which alone they can be properly viewed ; whilst the finished 
mosaic works which adorn the altars reproduce in unfading 
eolours and with consummate skill in shading the ebb's- 
d'oeuvre of Raphael, Domeniehino, and other artists preserved 
in the Vatican gallery. The material is a soft and fusible 
enamel, and the fornmtion of 18,000 tints was effected by an 
ingenious artist named Matteoli, at the time I have mentioned. 
The rough cakes of enamel are preserved in separate cup- 
boards or pigeon-holes, surrounding a hall of great length ap- 
propriated to this purpose by Pope Plus VI. But the main 
intention of the work being completed with St. Peter's, it has 
not been thought worth while to preserve the integrity of the 
collection (which, indeed would be no easy matter) ; and it is 
certain that though still reputed to contain 18,000 modified 
eolours, the effective number is vastly smaller. 

Having been fortunate enough in 184at to make the valu- 
able acquaintance of Monsignore de' Medici Spada, an en- 
lightened and influential prelate residing at Rome, I entreated 
his influence to procure a selection of specimens of the leading 
colours of the Vatican mosaics. For a long time official slug- 
gishness rendered the application fruitless ; at length the im- 
portunity of my friend overcame all difficulties, but not until 
I had long left Rome, and was therefore quite unable to 
superintend the selection. My instructions were therefore 
general, to prefer the most varied tints which the collection 
presented. At last an assortment Of no less than 94~1 pieces 
of mosaic, classified in separate packets, arrived. A close 
examination rather disappointed me. They presented a great 
preponderance of indefinite eolours, and a great deficiency of 
manyofthe livelier and brighterprimary and secondarycolours. 
But particularly whole packets were composed of specimens 

Phil. Mag. S..?,. Vol. 34,. No. 228. March 18¢9. N 
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scarcely sensibly differing from each other. This last circum- 
stance was probably occasioned by the carelessness and indo- 
lence of the workmen who selected them. The  former cir- 
cumstances might naturally be expected in a collection con- 
strueted for the purpose of-imitating paintings, in which, as is 
well-known, optically pure colours are almost never used ; but 
their effect is invariably produced by skilful contrasts. Many 
of  the suites of indefinite colours are exquisitely beautiful. 
Wi th  Mr. Hay's  assistance, I selected a sufficient number of 
distinct hues to represent tolerably Mayer's triangle of eolours ; 
but the great mass of colours being only detached suites, it was 
impossible to combine them into a connected whole. As I bare  
no doubt, however, that the collection is one which faithfully 
represents the colours chiefly used by artists, it may not be 
uninteresting to copy the catalogue forwarded to me by Mon- 
signore Spada, with the localnames and the principal denomi- 
nations on the scale of nomenclature proposed in this paper, 
which they include. 

Local Names. Technical Names. 
100 specimens. BmL Tints of'yellow-gray, and tints of gray. 
100 ... CaRSAGXO•I. Tints of  orange-gray [brown], reddisll- 

yellow gray, reddish-purple gray, pnrple- 
gray. 

60 . . .  GIALLI. Tints of yellow-gray and reddish-yellow 
gray. 

20 ... GIUOlOLI~x. Orange passing into red and yellow. 
60 ... L~,CCnE. Grayish-red, reddish-gray, yellowish-gray, 

purplish-gray, shades of purplish-gray. 
60 . , .  LEONATI. Yellow-gray passing into purple-gray, 

shades of purple-gray. 
60 ... Pavo~cazzi. Gray-purple and ants of ditto. 
76 ... POaPORINL Red and grayish-red. 

172 ... SeoazErrL Tints of yellow, ants of orange, tints of 
yellow-gray and of red-gray. 

91 ... TtracaINt. Tints of blue, tints of purplish.blue, gray. 
ish.greenish blue. 

142 ... V~soL:. Tints of green-gray, tints of blue-green. 
941 Total of specimens received. 

This number of specimens would have been sufficient to 
make a complete series of colours ; but, as has been said, they 
were very deficient in the more positive hues. I have still 
hopes, however, of  being, able to obtain a series of perfect 
matches for the whole series of Mr. Hay 's  pigments, speci- 
mens of which have indeed been already sent to Rome for the 
purpose. 

Edinburgh, January 1849. 


